To present the survival results for patients with colorectal carcinoma metastases who have undergone liver resection after being staged by [ 18 F] fluoro-2-deoxy-D-glucose-positron emission tomography (FDG-PET).
Objective
To present the survival results for patients with colorectal carcinoma metastases who have undergone liver resection after being staged by [ 18 F] fluoro-2-deoxy-D-glucose-positron emission tomography (FDG-PET).
Summary Background Data
Hepatic resection is standard therapy for colorectal metastases confined to the liver, but recurrence is common because of the presence of undetected cancer at the time of surgery. FDG-PET is a sensitive diagnostic tool that identifies tumors based on the increased uptake of glucose by tumor cells. To date, no survival results have been reported for patients who have actually had liver resection after being staged by FDG-PET.
Methods
Forty-three patients with metastatic colorectal cancer were referred for hepatic resection after conventional tumor staging with computed tomography. FDG-PET was performed on all patients. Laparotomy was performed on patients not staged out by PET. Resection was performed at the time of laparot-omy unless extrahepatic disease or unresectable hepatic tumors were found. Patients were examined at intervals in the preoperative period.
Results
FDG-PET identified additional cancer not seen on computed tomography in 10 patients. Surgery was contraindicated in six of these patients because of the findings on FDG-PET. Laparotomy was performed in 37 patients. In all but two, liver resection was performed. Median follow-up in the 35 patients undergoing resection was 24 months. The Kaplan-Meier estimate of overall survival at 3 years was 77% and the lower 95% confidence limit of this estimate of survival was 60%. This figure is higher than 3-year estimate of survival found in previously published series. The 3-year disease-free survival rate was 40%.
Conclusions
Preoperative FDG-PET lessens the recurrence rate in patients undergoing hepatic resection for colorectal metastases to the liver by detection of disease not found on conventional imaging.
Hepatic resection is a standard treatment for a subset of patients with colorectal carcinoma metastatic to the liver. Strict selection criteria for resection are mandatory because recurrences are common and there is no survival benefit if any residual disease remains after hepatic resection. 1 The selection criteria are that the primary colorectal cancer must be resectable with negative margins or must have been resected with negative margins. There can be no extrahepatic metastases, with the possible exception of one or a few resectable lung metastases, and it must be possible to resect hepatic tumors completely while still leaving enough hepatic parenchyma to provide adequate postoperative liver function.
Several staging tools have been used to assess whether these criteria have been met before hepatic resection. Computed tomography (CT) of the abdomen and CT or radiography of the chest are standard preoperative investigations. A colonoscopy is performed if it has not been recently done. During surgery, manual exploration of the abdomen is per-formed, and intraoperative ultrasonography of the liver is commonly used to search for additional metastases. Despite this careful preoperative and intraoperative search for subclinical disease, most patients have recurrence after liver resection. Three-year survival rates after resection have ranged from 30% to 64% [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] in reported series. In two of these series, hepatic arterial infusion pumps were inserted as part of the treatment in some patients. 12, 16 In another series, only disease-free survival rates were noted. 6 Three-year overall survival rates in the other series ranged from 30% to 58% (Table 1) ; 5-year survival rates ranged from 16% to 45%. Recurrence was equally frequent in the liver and in extrahepatic sites. Therefore, a means of detecting disease not appreciated by current staging tools is a priority to reduce the frequency of futile resections.
Positron emission tomography (PET) with the radiolabeled glucose analog [ 18 F]fluoro-2-deoxy-D-glucose (FDG) is a sensitive diagnostic tool that images tumors based on increased uptake of glucose by tumor cells. Several recent publications have shown that FDG-PET is much more sensitive than CT in detecting colorectal cancer. Valk et al 17 reported on a group of 115 patients with recurrent colorectal cancer. The sensitivity and specificity for FDG-PET were 93% and 98%, respectively, compared with 69% and 96% for CT. Abdel-Nabi et al 18 reported sensitivities of 88% and 38% for the detection of colorectal metastases by FDG-PET and CT, respectively. Delbeke et al 19 found that FDG-PET was more sensitive than CT or CT portography for detecting intrahepatic and extrahepatic recurrences of colorectal cancer. We studied 58 patients with suspected recurrent or advanced primary colorectal cancer. The sensitivity and specificity of FDG-PET were 91% and 100%, respectively, for detecting local pelvic recurrence and 95% and 100% for hepatic metastases. By comparison, CT had a sensitivity and specificity of 52% and 80% for detecting pelvic recurrence and 74% and 85% for detecting hepatic metastases. 20 Fong et al 21 reported that FDG-PET directly altered management in 23% of patients with hepatic metastases from colorectal 15 1998 111 37
Does not include two series in which many patients received hepatic arterial infusion pumps (12, 16) and one in which it was possible to determine only the 3-year disease-free survival rate (6) . † Value calculated from graph. ‡ Data obtained from 24 centers.
cancer being considered for liver resection. Several other centers have reported similar results. [22] [23] [24] We and others have also reported that FDG-PET often detects recurrent colorectal cancer in patients with increasing carcinoembryonic antigen (CEA) levels and no evidence of recurrent disease on CT. 17, 25 In all, patient management seems to be changed in approximately 25% of patients who undergo FDG-PET in addition to standard staging procedures. These encouraging results suggest that FDG-PET might reduce or eliminate futile resections and lead to better outcomes after hepatic resections for metastatic colorectal tumors. However, no survival results have been reported for patients who have actually undergone liver resection after being staged by FDG-PET. The purpose of this report is to present such results from a single institution in which all patients with colorectal carcinoma metastases were staged by FDG-PET and entered into a prospective database.
METHODS
From April 1995 to February 1999, 43 patients with colorectal carcinoma metastatic to the liver were evaluated and were considered to have resectable disease after the completion of conventional staging. All patients underwent staging by abdominal CT and either chest radiography or CT scan. In a few patients, magnetic resonance imaging of the abdomen was performed. In many instances, these investigations were performed in an outside institution, and when the CT scan was not recent or of acceptable quality, CT was repeated before FDG-PET. FDG-PET was performed in all patients. In a few cases of synchronous metastases, the presence of metastatic colorectal cancer in the liver was detected by examination of the liver at the time of resection of the colon primary rather than from information obtained by preoperative imaging.
All FDG-PET studies were performed at the Mallinckrodt Institute of Radiology, Washington University School of Medicine. The protocol has been described previously in detail. 20 Patients fasted for at least 4 hours before the study. To minimize interference from urinary tract activity, a urinary catheter was placed in the bladder, approximately 1,500 mL of 0.9% saline was infused intravenously, and 20 mg furosemide was administered intravenously 20 minutes after FDG administration (except when contraindicated). All studies were interpreted in routine clinical fashion by an experienced nuclear radiologist. PET images were interpreted by subjective visual assessment. In most instances, an antecedent CT scan or report was available to the radiologist at the time of FDG-PET interpretation. All imaging results were correlated with the subsequent final diagnosis, which was established by histology, by findings at surgery, or by at least 6 months of clinical observation from the time of FDG-PET.
In patients with disease deemed to be operable after FDG-PET, laparotomy and abdominal exploration, including intraoperative ultrasonography of the liver, were per-formed. Liver resection was then performed in patients still found to have operable disease. In three patients with synchronous metastases, the liver resection was performed at the same sitting as the resection of the colorectal primary.
Postoperative follow-up was performed at regular intervals after surgery. Serial CEA measurements and CT scans were performed. In some patients, FDG-PET was used in the postoperative period to search for residual tumor when this was suspected on the basis of other test results.
Analyses of overall survival and disease-free survival were performed by the Kaplan-Meier method using SAS version 7 (The SAS Institute, Cary, NC). The 95% confidence limits of the means of the Kaplan-Meier estimates were also calculated.
RESULTS
The patient population consisted of 26 men and 17 women, ranging in age from 45 to 77 years (mean 61.2). The hepatic metastases were synchronous in 17 patients (40%). Synchronous lesions are defined as those discovered before resection of the primary colorectal cancer or during that procedure. In the remaining 26 patients (60%), the metastases were metachronous and were diagnosed from a few months to 7 years after resection of the primary tumor.
Investigations performed before FDG-PET identified one hepatic tumor in 28 patients, two to four tumors in 9 patients, and more than four tumors in 3 patients. Three patients who had an increasing CEA level did not have a tumor localized by CT. Four patients had concomitant single pulmonary metastases; in three of these there was a single hepatic lesion, and in the other patient there were two hepatic lesions.
By comparison with the conventional staging, FDG-PET identified additional disease in 10 patients (25%). In the three patients with an increasing CEA level and a negative CT scan, single hepatic lesions were found by FDG-PET. In another patient thought to have one hepatic lesion, a second true hepatic lesion was identified by PET. Surgical resection was not contraindicated by the new PET findings in these four patients, and resection was performed. In six patients, the disease newly identified by FDG-PET rendered the patients inoperable. In two patients each thought to have a single hepatic metastasis and a single pulmonary metastasis, additional disease was identified in the paraaortic nodes in one patient; in the other patient, five additional hepatic metastases involving both sides of the liver were discovered. In the other four patients, additional disease was identified in both intrahepatic and extrahepatic sites. Also, in four of these six patients it had been thought that metastases were confined to one hemiliver, but FDG-PET revealed bilateral disease. In one other patient, two lesions in the right hemiliver were reported on CT. Only one lesion was observed by FDG-PET and only one malignant lesion was present at surgery, the other tumor being focal nodular hyperplasia. Thus, overall, the findings on FDG-PET dif-fered from those on CT in 11 of the 43 patients; in 6 of these, planned surgery was aborted directly as a result of the findings on FDG-PET.
FDG-PET did not detect all hepatic lesions. In five patients new lesions were found at surgery, by palpation in four patients and by intraoperative ultrasonography in one patient. Palpation resulted in detection of five lesions in four patients, ranging from 0.2 to 1.6 cm. Except for the smallest lesion, all these tumors were close to other larger lesions that had been detected by FDG-PET. It seems likely that these "twin" tumors in one hepatic segment appeared as single lesions on FDG-PET because of their proximity. Although FDG-PET was not completely accurate in these instances, the closeness of the twin tumors meant that the originally intended resection would encompass both tumors. In the other patient, intraoperative ultrasonography detected a metastasis 0.7 cm in diameter that was located in the right posterior section of the liver, away from two other lesions detected by FDG-PET. This finding changed the surgical strategy, and a larger resection was performed. Both FDG-PET and CT were negative in a patient who was known from laparotomy findings at the time of colon resection to have a mucinous adenocarcinoma of the colon with a hepatic metastasis, 0.9 cm in diameter. In two patients, tumors 0.4 cm and 0.7 cm in diameter were not detected by any means until the specimen was cut by the pathologist. These tumors were also close to known tumors. Therefore, except for the one patient who had an additional lesion discovered by intraoperative ultrasonography, the surgical strategy was not altered by false-negative PET findings in the liver.
Laparotomy was performed in 37 patients deemed to have resectable disease after preoperative staging, including FDG-PET. A single small metastatic peritoneal implant was found in each of two patients, one on the diaphragm and one on the intestine. Liver resection was aborted in these patients. No lesions were identified on intraoperative ultrasonography that prevented complete resection of the hepatic metastases. Liver resection was performed in 35 patients. Therefore, 95% of patients who had a laparotomy after staging by FDG-PET actually had resectable disease.
The tumor characteristics of the six patients whose procedure was canceled as a result of findings on FDG-PET and those of the 35 patients who had liver resection are shown in Table 2 . The liver tumors of the patients who were eliminated were more often synchronous, bilateral, and multiple. These characteristics are known to be associated with a poorer prognosis after resection. Furthermore, five of the six patients were also found to have extrahepatic disease. In the 35 patients whose tumors were resected, the hepatic lesions were synchronous in 12 (34%) and metachronous in 23 (66%). Single lesions were present in 24 patients, including one patient with a single lung lesion resected at a separate procedure. Two to four lesions were treated in another nine patients, one of whom had a single lung lesion that also was resected at a separate procedure. Two patients had more than four lesions. In 26 of 35 patients, the tumor was confined to one hemiliver, although some tumors abutted the midplane of the liver. The largest lesion resected was 12.5 cm in diameter; the smallest was less than 1 cm. Hemihepatectomy or extended hemihepatectomy was performed in 24 patients by the following techniques: right hemihepatectomy in 9 patients, left hemihepatectomy in 7 patients, and extended right hemihepatectomy in 8 patients. More localized resections were performed in 11 patients, and in 2 of these the resection was a nonanatomical wedge resection.
In 23 patients, the resection margin exceeded 1 cm, and in 12 it was less than 1cm. There were no patients with positive resection margins, but one patient was discovered to have a positive lymph node in the tissues adjacent to the specimen. There were no postoperative deaths (defined as any death before discharge or any death within 30 days whether still in the hospital).
The median length of follow-up since hepatic resection * These tumor characteristics are those found at pathologic examination. Two additional patients were found to have inoperable disease because of intraperitoneal implants found at surgery. was 24 months (range 6 months to 4.5 years). Six patients died of disease recurrence 3, 6, 11, 11, 19, and 21 months after surgery. There were no other deaths. Cancer recurred in the liver, lung, and brain in four, three, and two patients, respectively, three patients having recurrence in two sites. Five of the six patients who died had poor prognostic factors at the time of resection. Two had multiple tumors (five and more than five), two had large tumors (9.5 and 12.5 cm in diameter), and one patient was discovered to have metastatic cancer in a lymph node adjacent to the resected liver. The Kaplan-Meier estimate of overall survival at 3 years for all patients who underwent resection was 77% (Fig. 1) . The 95% confidence limits of the Kaplan-Meier estimate of 3-year survival were 60% to 94%. The lower confidence limit of 60% exceeded the mean Kaplan-Meier estimate of survival at 3 years from any previously reported comparable case series (see Table 1 ).
Eight patients who were still alive as of this writing had recurrence of cancer in the liver (n ϭ 3), lung (n ϭ 4), and bone (n ϭ 2). One of these patients had recurrence in both the liver and lung. The Kaplan-Meier estimate of diseasefree survival at 3 years was 40% (Fig. 2) .
DISCUSSION
The major finding of this study is that the 3-year actuarial overall survival of patients screened by FDG-PET before liver resection for metastatic colorectal cancer was very high, at 77%. This appears to be an improvement over past results. Comparison between this series and previously published series requires not only the results of 3-year overall survival but an estimate of how well these results represent the true or population results of patients undergoing resection with and without preoperative FDG-PET. To do this for patients screened by FDG-PET, we determined the 95% confidence limits of the 3-year survival for patients in this series. Based on those values, it can be said that the true or population result for patients screened by FDG-PET prob-ably is at or above, but not below, 60%, the lower confidence limit of the estimate of 3-year survival. Confidence limits of survival estimates are rarely published and are not available for previously published series. However, there are many such case series, some with large numbers of patients (see Table 1 ). The 3-year overall survival results fluctuate from 30% to 58%, but most results cluster around 40%; the median result is actually 42.5%. Nine of the 12 case series reported 3-year survival results between 37% and 47%. The Registry series, with more than 800 patients, reported a 43% overall 3-year survival. 5 Therefore, a value of 40% to 45% is the best current estimate of the true value. The 3-year overall survival results are not related to year of publication (seeTable 1), making it unlikely that a comparison between the results of the present series and the results of those previously published is biased by an improvement in results that has occurred gradually over time.
Two other case series have been reported in which many patients also underwent intraarterial chemotherapy with hepatic infusion pumps. 12, 21 These showed 3-year overall survival rates of 57% and 64%, respectively. This therapy has recently been shown to prolong overall survival when used in combination with systemic adjuvant therapy after liver resection. 26 It was not used in our patients and is not therefore included in these tables.
The preceding analysis suggests that true 3-year survival results of patients undergoing liver resection without hepatic artery infusion pumps for colorectal cancer metastatic to the liver is approximately 45%, and that the comparable figure for patients screened by FDG-PET is at least 60%. The preceding analysis does not provide the certainty of a randomized comparison and cannot take its place, but it provides compelling evidence that FDG-PET can improve survival after liver resection for metastatic colorectal cancer to the liver.
A subtle but important point is that the use of FDG-PET is not improving survival by itself, but is allowing surgical techniques to be applied with greater likelihood of benefit to Strasberg and Others patients. The result is better survival of patients who do undergo surgery because the target population for surgery has changed, rather than because FDG-PET and surgery produce longer survival times for the same sort of patients represented in previously published studies. There was no selection of patients entering this series: all patients referred were staged for resection as in the comparable trials. However, it appears that the patients who actually underwent laparotomy had fewer negative prognostic factors than did the patients who presented for staging. In other words, FDG-PET probably improves survival by changing the target population to one that has a better prognosis at the time of actual resection. This is in contrast to the use of adjuvant therapy with hepatic artery infusion pumps, which seems to be improving survival without changing the target population. 26 We calculated the 3-year disease-free survival rate, a value infrequently reported in case series of this type. Of those we have been able to find, the 3-year disease-free survival rate ranged from 15% to 28% [5] [6] [7] 11 as opposed to 40% for this series. Therefore, although FDG-PET is probably a valuable tool, most patients selected for surgery by FDG-PET will still have recurrence of disease because of the presence of disease that cannot be detected even by FDG-PET. It will be of interest to determine whether the use of adjuvant therapy with hepatic artery infusion pumps will have special relevance in this group of patients.
Another apparent advantage of PET is that it improves resectability rates. In our series, 95% of patients who underwent laparotomy actually underwent a hepatic resection. Again, it does so by changing the population of patients who undergo surgery rather than altering the disease, for instance by downstaging using neoadjuvant chemotherapy. Jarnagin et al 27 recently examined a large series of patients to investigate this point. In more than 400 patients who underwent exploration between 1992 and 1997, 21% were found to have unresectable disease at the time of surgery, largely because of the presence of unsuspected intrahepatic or extrahepatic metastases. By comparison, the 95% resectability rate in our series is similar to that achieved by John et al, 28 who used staging laparoscopy to detect unresectable tumors before laparotomy.
This study has shown once again that FDG-PET is limited by its poor sensitivity for detecting small lesions (Ͻ1 cm in diameter) and its inability to discriminate between lesions close to one another. Mucinous tumors are also less sensitively detected, as we recently reported. 29 In this study, the additional lesions detected at laparotomy prevented resection in only two patients.
In summary, FDG-PET appears capable of fulfilling its promise as a diagnostic tool that will improve patient selection and increase the overall survival rate after liver resection for colorectal cancer metastases. Although our results are encouraging, recurrence of tumor after liver resection will still be common if this is the only strategy. It is possible that the sensitivity of the technique can still be improved. Larger controlled trials are required to define more precisely the role and utility of PET in this clinical setting.
